The study was conducted to assess the impact of conservation agriculture practice on livelihood status of farmers in Bangladesh. A total of 300 farmers (50 focal, 100 proximal and 150 control) from five districts (Mymensingh, Bogra, Tangail, Sherpur and Jamalpur) were selected. Focal farmers were selected purposively; and proximal and control farmers were selected randomly. Descriptive statistics like sum, averages, percentages and ratios were calculated to evaluate the socioeconomic data as well as to identify the nature and extent of conservation agriculture practiced. Expenditure elasticity measured the responsiveness of change in expenditure of the farmers with change in income. Difference-in-difference (DID) analysis and Ravallion test were done to evaluate the impact of conservation agriculture practice on farmers' income and expenditure. Multidimensional poverty index (MPI) was used to document the intensity of poverty. About 26.0, 25.0 and 18.6 percent focal, proximal and control farmers, respectively had basic knowledge about conservation agriculture practice; and 28.0, 19.0 and 15.3 percent, respectively received training on such practice. The adoption of different principles of conservation agriculture practice by focal farmers was satisfactory. The BCRs (Benefit cost ratio) for practicing conservation agriculture of focal, proximal and control farmers was 2.15, 2.07 and 1.92, respectively. The results of DID analysis and Ravallion test indicated that the impact of conservation agriculture practice on average annual income and expenditure of the farmers was statistically significant. The expenditure elasticity of focal, proximal and control farmers was 0.31, 0.44 and 0.58 percent, respectively. A remarkable improvement in farmers' livelihood status was found after adopting conservation agriculture practice. Input support, motivation, training programmes and extension services by different government and non-government organizations should be properly implemented to raise 
INTRODUCTION
Agriculture is the heart of Bangladesh economy where more than 80% farmers are smallholder having land less than 1.0 hectare. The rural economy constitutes a significant component of the national GDP with agriculture accounting for 17.2% (BBS, 2014) . In order to feed the increasing population of Bangladesh, 'Green Revolution' has emerged in 1960s and priority was given to produce more food through intensification of land usage (Akteruzzaman et al., 2012) . As a result, Bangladesh had attained self sufficiency in food production for a shorter period. But long term use of chemical fertilizer and pesticides in conjunction with no use of any organic fertilizer resulted in lack of soil organic matter content. As a result, soil fertility and productivity is decreasing day by day (Kafiluddin and Islam, 2008) . In this context, introduction of resource conserving agriculture is becoming increasingly important in overcoming the problems of declining agricultural productivity in a developing country like Bangladesh.
Conservation agriculture can be defined as a concept for resource-saving agricultural crop production that strives to achieve acceptable profits together with high and sustained production levels while concurrently conserving the environment (FAO, 2007) . There are three key principles in the process of conservation agriculture; such as, continuous minimum mechanical soil disturbance; permanent organic soil cover; and diversified crop rotations. Conservation agriculture plays a vital role in increasing organic matter content in soil and in reducing soil erosion. Community based movement on conservation agriculture may contribute to livelihood and empowerment of communities (Rahman, 2001) . Although this farming aims to help farmers to earn more income with reduced amount of labour, irrigation and other high energy external input costs; keep land healthy and productive; and conserve natural environment (Lampkin and Padel, 1994) ; about 8-10% farmers around the world follow this practice (Parrott et al., 2006; Willer et al., 2008) .
The reality for many smallholder farmers is that their soils have become severely depleted through generations of unsustainable farming methods including ploughing, monocropping, little or no replenishment of nutrients and burning of residues. Ultimately, such practices result in decreased yields. Conservation agriculture has a positive impact on farmers' livelihood having potential to turn around the daily and seasonal calendar; and change the rhythm of farmers' livelihood. The labour input in this system could be reduced by 75% (IFAD, 2005 and FAO, 2007) . The time saved under conservation agriculture allows farmers to dedicate more time to other more profitable non-farm occupations for generating income than growing a crop. More time availability offers real opportunities for diversification options. For women, conservation agriculture provides opportunities to engage themselves in other income generating and socioeconomic activities while also sparing more time to take care of the family.
Modalities of such farming have been described in a good number of literatures in the global context as well as in the context of Bangladesh. A modest attempt has been made here to review the previous research studies which are: Akter and Gathala (2014) conducted a research on adoption of conservation agriculture technology in diversified systems and impact on productivity in Bangladesh; and revealed that diversities existed between locations, cropping systems and seasons affected intensity of adoption. Nkala (2012) assessed the impacts of conservation agriculture on farmers' livelihood in Central Mozambique and discovered that under the conditions of vulnerable livelihood, lack of access to agricultural assets, lack of institutions supporting smallholder farmers, conservation agriculture had only a weak impact on livelihood outcomes, mostly through a slight improvement in crop productivity. Tshuma et al. (2012) assessed the impact of conservation agriculture on food security and livelihood in Zimbabwe and found that conservation agriculture extended the range of livelihood on a limited scale, through improved yields and income.
The literature reviews mentioned above indicate that most of the studies dealt with livelihood outcome through practicing conservation agriculture though these are not relating to Bangladesh. Therefore, to minimize the research gap, this study would be helpful at examining the socioeconomic issues on improving livelihood status of farmers through adoption of conservation agriculture in Bangladesh. The overall goal of the present study is to evaluate the impact of conservation agriculture practice on farmers' livelihood improvement in Bangladesh. The specific objectives are: i) to assess the nature and extent of conservation agriculture practiced and ii) to evaluate the impact of conservation agriculture practice to improve the farmers' livelihood status.
MATERIALS AND METHODS
The study was conducted in five agro-ecological zones of Bangladesh where the movement for practicing conservation agriculture are getting interest among farmers for several years. The considered districts were Mymensingh (major crop: potato), Bogra (major crop: bean), Tangail (major crop: pineapple), Sherpur (major crop: rice) and Jamalpur (major crop: wheat). Three categories of farmers were targeted for investigation namely, focal farmers (farmers receiving technical and logistic support for practicing conservation agriculture from the project and having regular contact with extension support staff), proximal farmers (neighboring of focal farmers receiving indirect support like technical advice and having occasional contact with the extension staff) and control farmers (who are receiving no training and technical support on conservation agriculture from any organization and also from the project staff). In each locale of the study, a total of 60 farmers (10 focal, 20 proximal and 30 control) were selected; of which focal farmers were selected purposively, and proximal and control farmers were selected randomly. Thus, a total of 300 farmers were included as the sample for observation and data collection. Primary data were collected through questionnaire survey, focus group discussion (FGD) and key informant interview (KII) with local stakeholders. Secondary sources of data in the form of handouts, reports, publications, notifications, etc. having relevance with this study were also consulted.
Model specification
An amalgamation of descriptive statistics, mathematical and statistical techniques was used to achieve the objectives of the study. Descriptive statistics like sum, averages and percentages were calculated to assess the socioeconomic characteristics of the sample farmers, and identify the nature and extent of conservation agriculture practiced. For evaluating the impact of adopting conservation agriculture practice on farmers' livelihood, expenditure elasticity, difference-in-difference (DID) analysis, Ravallion test and multidimensional poverty index (MPI) were used.
Difference-in-difference (DID) analysis
DID analysis is necessary to construct a counterfactual measure of what would have happened if the intervention had not been available, and to find the difference between the previous and present situation after the intervention. The following formula was used for estimating difference-in-differences:
Where, F 0 = 'Before' situation of focal farmers adopting conservation agriculture practice; F 1 = 'After' situation of focal farmers adopting conservation agriculture practice; P 0 = 'Before' situation of proximal farmers adopting conservation agriculture practice; and P 1 = 'After' situation of proximal farmers adopting conservation agriculture practice.
Where, F 0 = 'Before' situation of focal farmers adopting conservation agriculture practice; F 1 = 'After' situation of focal farmers adopting conservation agriculture practice; C 0 = 'Before' situation of control farmers adopting conservation agriculture practice; and C 1 = 'After' situation of control farmers adopting conservation agriculture practice.
Where, P 0 = 'Before' situation of proximal farmers adopting conservation agriculture practice; P 1 = 'After' situation of proximal farmers adopting conservation agriculture practice; C 0 = 'Before' situation of control farmers adopting conservation agriculture practice; and C 1 = 'After' situation of control farmers adopting conservation agriculture practice.
Ravallion test
The impacts of adopting conservation agriculture practice were measured by using comparison of focal, proximal and control farmers' income, expenditure and savings with the help of Ravallion test. The formula used for estimation defined by Ravallion (2008) 
Expenditure elasticity
Expenditure elasticity is a measure of the responsiveness of expenditure on, or consumption of, a good to a change in real income, when other factors remain the same, and where expenditure is a proxy for income (Browne et al., 2007) . Expenditure elasticity of the farmers was calculated using the following formula:
Where, 
Multidimensional poverty index (MPI)
The MPI is an index designed to measure the intensity of poverty (HDR, 2015) . It comprises three equally weighted poverty dimensions; health, education and living standards. The health dimension is measured by the two equally weighted indicators, nutrition and child mortality. Education is captured by the two equally weighted indicators, years of schooling and child enrolment. Living standards are measured by the six equally weighted indicators; cooking fuel, sanitation, water, electricity, floor and assets. The following formula was used to appraise the intensity of poverty: 
RESULTS AND DISCUSSION
Profile of the selected farmers Table 1 represents the basic information of the selected farmers in the study areas. It is found that average household and farm size of focal, proximal and control farmers was 6.0, 5.0 and 6.0; and 0.44, 0.46 and 0.45 respectively. Average dependency ratio of focal farmers (1.5) was comparatively lower than proximal and control farmers (1.7 and 3.0, respectively) which indicate that focal farmers were more self-sufficient and self-employed. The percentages of male and female respondents were 68.0, 69.5 and 69.2; and 32.0, 30.5 and 30.8 for focal, proximal and control farmers, respectively. Average age of focal, proximal and control farmers was 31, 38 and 36 years, respectively. Though 42.0 percent focal farmers could put sign only, majority of the proximal and control farmers (56.5 and 55.6 percent, respectively) were illiterate in the study areas. Most of the farmers were engaged in agriculture as well as other income generating activities like labour selling, service, small business, etc. (76.0 percent for both focal and proximal farmers and 70.8 percent control farmers). It is also shown that majority of the farmers were commercial farmers (82.0, 70.5 and 76.0 percent focal, proximal and control farmers, respectively) in the study areas (Table 1) . Table 2 represents the extent of basic knowledge about conservation agriculture practice and training received by the farmers on crop cultivation in the study areas. It is seen that 26.0, 25.0 and 18.6 percent focal, proximal and control farmers, respectively had fundamental knowledge about conservation agriculture practice. Also, 28.0, 19.0 and 15.3 percent focal, proximal and control farmers, respectively received training on crop farming in the study areas. 
Extent of farmers' knowledge about conservation agriculture practice

Sources of knowledge and purposes of training provided
Generally, the farmers of the study areas gathered knowledge about conservation agriculture practice from different government and non-government organizations such as BAUEC, CVDCL, CGUS, DAE, Caritas Bangladesh and CIMMYT. Farmers had been given knowledge and training on organic farming, mixed cropping, assessment of climate change impact, improvement of soil quality, IPM Technology, formalin free fruit production, etc. (Table 3) . 
Nature of adopting conservation agriculture practice
Before adopting conservation agriculture practice, the farmers of each category in the study areas were fully dependent on synthetic fertilizers, pesticides and medicines in some cases. After adopting conservation agriculture practice, focal farmers followed the basic principles of conservation agriculture. Proximal farmers observed the farming practices of focal farmers' and tried to follow them, but control farmers did not follow any principle of conservation agriculture practice rather they continued traditional crop farming practices. Table 4 shows the nature of adopting conservation agriculture practice by the farmers in the study areas. It is experienced that focal farmers of the research areas fully adopted practicing zero/minimum tillage and retaining crop residue. As the selection of appropriate crop rotation is a lengthy process, it was partially adopted by them. It was not possible for them to diminish the use of synthetic fertilizers fully, but the full use of organic fertilizers (compost, vermicompost, cowdung and bioslurry) and IPM technology; and no use of pesticides, herbicides and medicines were ensured. In case of proximal farmers, full adoption was experienced only in terms of retaining crop residue, and using compost, cowdung and bioslurry. They adopted partial use of fertilizers, pesticides and herbicides. On the other hand, no control farmer practiced zero/minimum tillage, retained crop residue or practiced appropriate crop rotation. They continued full use of synthetic fertilizers, pesticides, herbicides and medicines; and partial use of cowdung and bioslurry.
Profitability of crop farming
Profitability of crop farming from the view point of individual farmers was measured in terms of gross return, gross margin, net return and benefit cost ratio (undiscounted). For calculating the total production cost, variable and fixed costs were taken into consideration. The components of variable costs were: i) human labour, ii) power tiller cost, iii) seeds/seedlings, iv) fertilizers, v) pesticides, vi) medicine, vii) irrigation and viii) fencing.
Focal farmers were provided input support with 10.0 decimal land for practicing conservation agriculture. It is evident from table 5 that after adopting conservation agriculture practice, total cost per 10 decimal land was decreased to Tk. 6056, Tk. 6149 and Tk. 6360 where these were Tk. 6396, Tk. 6375 and Tk. 6413 for focal, proximal and control farmers, respectively before adopting conservation agriculture practice. Gross and net return were increased to Tk. 13004, Tk. 12755 and Tk. 12225; and Tk. 6949, Tk. 6606 and Tk. 5865 in case of focal, proximal and control farmers, respectively after adopting conservation agriculture practice. BCR of focal, proximal and control farmers was 1.95, 1.95 and 1.89, respectively before adopting conservation agriculture practice but after adopting conservation agriculture practice, it was increased to 2.15, 2.07 and 1.92, respectively. Performing the sensitivity analysis, the profitability analysis of crop produced per 10 decimal land was converted into per 0.45 ha land (average farm size of the three categories of farmers) to check whether the intervention would beneficial to the farmers if they used conservation agriculture practice to their entire cropland. It is seen from table 5 that total cost per hectare would decrease to Tk. 67311, Tk. 68351 and Tk. 70695 from Tk. 71088, Tk. 70859 and Tk. 71280 in case of focal, proximal and control farmers, respectively. Reduction in labour and fertilizer cost was the major reason for declining in total cost. Gross return of focal, proximal and control farmers would increase from Tk. 138480, Tk. 137941 and Tk. 134933, respectively to Tk. 144545, Tk. 141772 and Tk. 135886, respectively; and therefore, net return would increase to Tk. 77234, Tk. 73420 and Tk. 65191, respectively from Tk. 67392, Tk. 67082 and Tk. 63653, respectively. BCR of focal, proximal and control farmers would remain the same as calculated per 10 decimal land which clearly indicated that crop production was more profitable in the study areas after adopting conservation agriculture practice (Table 5 ). High market demand of organic and fertilizer free products forced to increase in per unit price of output in the market was the major reason of increasing the revenue of the farmers in the study areas. The result of the study is a little bit similar with Dhaliwal and Singh (2004) where the authors observed a significant decline in the cost of crop production due to less use of farm machinery, labour and agro-chemicals; and higher yield due to less lodging of crop. Table 6 represents the money income earned by the farmers from different sources in the study areas. Mainly, there were two sources of income: farm income and non-farm income. Farm income included income from different agricultural enterprises like crop (rice, vegetables, etc.), livestock (large animal i.e., cow, ox, bullock, buffalo, goat, sheep, etc.; and small animal i.e., poultry, duck, pigeon, etc.), fishery, agroforestry and others. Non-farm income included income from other income generating activities except agriculture like small business, wage labour, shopkeeping and others. It is apparent that average annual farm income of focal, proximal and control farmers was increased by 9.3, 7.2 and 6.2 percent, respectively; and average annual non-farm income increased by 10.1, 7.9 and 5.4 percent, respectively. Overall, average annual income of focal, proximal and control farmers increased by 9.6, 7.4 and 6.0 percent, respectively ( Table 7) . The results imply that while before practicing conservation agriculture farmers earned Tk. 100 money income, after practicing conservation agriculture focal, proximal and control farmers earned about Tk. 110, Tk. 107 and Tk. 106 money income, respectively. Farmers adopting conservation agriculture practice could save more time and money to invest in other income generating activities compared to who are not adopting which ultimately resulted in more money income in case of focal farmers in comparison with proximal and control farmers. 
Average annual income of the sample farmers
Average annual expenditure of the sample farmers
Average annual expenditure of the farmers in the study areas is revealed in table 7. The major sectors of farmers' expenditure identified were food, clothes, health services, house repairing, education, electricity/fuel, transportation, festivals and miscellaneous items. The highest portion of farmers' expenditure included food consumption followed by expenditure on festivals and miscellaneous items. It is found from table 7 that the rate of increase in average annual expenditure of focal, proximal and control farmers was more or less similar (2.8, 3.0 and 3.2 percent, respectively). The results entail that before adopting conservation agriculture practice farmers' expenditure was Tk. 100, and after adopting conservation agriculture focal, proximal and control farmers' expenditure were Tk. 102.8, Tk. 103 and Tk. 103.2, respectively. In case of focal farmers, the cost of labour and input expense decreased due to minimum tillage and less use of synthetic fertilizers; and, therefore, the average annual expenditure of focal farmers was comparatively lower than proximal and control farmers. 
Difference-in-difference (DID) analysis
DID analysis was used to document the impact of conservation agriculture practice on farmers' average annual income and expenditure in case of both 'before' and 'after' adoption; and 'with' and 'without' adoption within focal, proximal and control farmers. Table 8 represents the results of DID analysis for average annual income and expenditure of the farmers in the study areas. It is seen that within focal and proximal farmers, the DID estimated value of average annual farm income, nonfarm income, total income and total expenditure was Tk. 1729, Tk. 804, Tk. 2533 and Tk. 167, respectively; within focal and control farmers it was Tk. 2466, Tk. 1793, Tk. 4259 and Tk. 393, respectively; and within proximal and control farmers it was Tk. 737, Tk. 989, Tk. 1726 and Tk. 226, respectively. The negative sign in case of average annual expenditure indicates 'decreased' situation. In most of the cases, a positive and statistically significant change is occurred which brings an indication that adoption of conservation agriculture practice had a significant impact on average annual income and expenditure of the farmers in the study areas. The result is slightly supported by Kumar et al. (2011) where the authors identified significant economic benefits in terms of income and wealth generation from a variety of conservation agriculture practices. ***, ** and * indicate significant at 1, 5 and 10 percent level.
Ravallion test result
The comparison of average annual income and expenditure among the groups of farmers is estimated by Ravallion test which is represented in table 9. Average annual farm income, non-farm income and total income of focal farmers after adopting conservation agriculture practice were increased by Tk. 1508, Tk. 311 and Tk. 1819, respectively compared to proximal farmers; and by Tk. 1190, Tk. 1502 and Tk. 2692, respectively compared to control farmers. In case of proximal farmers, average annual non-farm income and total income were increased by Tk. 1191 and Tk. 873, respectively in comparison with control farmers but average annual farm income was decreased by Tk. 318. It is also experienced that average annual expenditure of focal farmers compared to proximal and control farmers was decreased by Tk. 1012 and Tk. 1955, respectively where it was decreased by Tk. 943 in case of proximal farmers compared to control farmers. Most of the values were statistically significant indicating a positive and noteworthy improvement on income and expenditure of the farmers after adopting conservation agriculture practice in the study areas. The result is quite similar with Nguema et al. (2013) where the authors found that specific cover crops, crop rotations and reduced tillage designed to reduce soil erosion and increase soil organic matter led to increased incomes for farm households in a time period of two years. Note: ***, ** and * indicate significant at 1, 5 and 10 percent level.
Expenditure elasticity
Expenditure elasticity is measured as proportional change in expenditure with respect to proportional change in income, remaining other factors constant. Table 10 expresses that expenditure elasticity of focal, proximal and control farmers was 0.31, 0.44 and 0.58 percent, respectively; which means that with 1 percent increase in income, expenditure of focal, proximal and control farmers were increased by 0.31, 0.44 and 0.58 percent, respectively when other internal and external factors held constant. The result implies that if the farmers of the study areas could increase their money income by Tk. 100, the expenditure would be increased by Tk. 31, Tk. 44 and Tk. 58 in stare of focal, proximal and control farmers, respectively after adopting conservation agriculture practice, keeping other influencing factors the same. 
Multidimensional poverty index (MPI)
Poverty situation and livelihood condition of the farm households are evaluated on the basis of three poverty dimensions: health (weighted indicators: nutrition and child mortality), education (weighted indicators: years of schooling and child enrolment) and living standards (weighted indicators: cooking fuel, sanitation, water, electricity, floor and assets). It is found from tables 11, 12 and 13 that the percentage of deprived focal, proximal and control households was 21.7, 32.8 and 45.1 percent, respectively; and the percentage of privileged focal, proximal and control households was 78.3, 67.2 and 54.9 percent, respectively. The households were deprived or privileged of all the indicators of a single dimension or at a combination of the indicators across dimensions. The reason for a better livelihood condition of focal farmers by practicing conservation agriculture was that farmers employed their saved labour in other works and earned extra money income. Also, money saved from reduced use of synthetic fertilizers and pesticides were used in other livelihood activities. Crops free of synthetic fertilizers and pesticides as well as organic crops had a huge demand in the market and accordingly the farmers earned a notable amount of money by selling these products. This result is quite similar with Tshuma et al. (2012) where the authors found that conservation agriculture practice extended the range of livelihood on a limited scale through improved yields and income. 
CONCLUSIONS AND POLICY RECOMMENDATIONS
The study concludes that conservation agriculture as a new resource saving farming practice was appreciated and successfully adopted by the farmers. Farmers had been given knowledge and training on different aspects of conservation agriculture practice. It is also found that cost of crop production was relatively lower and return from production was comparatively higher in conservation agriculture practice than conventional agriculture practice. It is also revealed that farmers' income was increased and expenditure was decreased through adopting conservation agriculture practice. Farmers got higher price for their product free from poisonous medicine and synthetic fertilizers. This practice helped the farmers to minimize their labour and other input cost. The study also indicates that poverty in terms of deprivation of health, education and living standards was decreased; and overall livelihood circumstances was improved adopting conservation agriculture practice. Considering the findings of the study, some essential policy recommendations have been arisen which are: input support, motivation and extension services of government should be properly implemented to raise the awareness about practicing conservation agriculture and its importance on crop production. Also, initiative for scientific and technical training programmes should be arranged by different government and non-government organizations to enrich the knowledge of the farmers on conservation agriculture practice.
